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BELL 
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DIVISION OF BELL AEROSPACE CORPORATION 


GEMINI PROPULSION SYSTEM 
MULTI- START ENGINE. 
BAC MODEL 824-7 
USAF MODEL XLR &-BAL3 


SYSTEM REQUIREMENTS 
SO96| 8247 


NUMBER OF STARTS ENGINE (MISSION) 2 Ly 
ENGINE (NOMINAL) I5 | 25 
THRUST CHAMBER =. 25 «|-_—_ 35 
NOZZLE EXTENSION 21] [5 
MINIMUM TOTAL [MPULSE. —  |I7500Ibi 
PROPELLANT UTILIZATION START Ib I2 OX |6 FUEL 
SHUTDOWN(OX) Ib 35 | 28 
START SYSTEM LOAD & PAD HoLD DRY | WET 
ELECTRICAL CHARACTERISTIC — |EMI 
RELIABILITY DEMONSTRATION .99T | NONE 
@ 907% REOD 
CONFIDENCE. 
LEVEL 


MODEL 8247 ENGINE 


: DESCRIPTION AND QPERATION 
SYSTEM REQUIREMENTS 
ENGINE TESTING 
DEMONSTRATION 
ENGINE XRMI TOFIRINGS @ IIOOOOFT ALT. 
ENGINE XRM2 &OFIRINGS 
ENGINE XRM3_ GI FIRINGS 


QUALIFICATION - PFRT 
— ENGINE SWNN 80I 3GFIRINGS 


WEIGHT HIGH TEMPERATURE. 

DRAINAGE HUMIDITY 

VIBRATION Low TEMPERATURE 

SHOCK MALFUNCTION 

FIXED THRUST CALIB. DISASSEMBLY ¢ INSPECTION 
PFRT_PROBLEM_ AREA 


r DUAL CHECK VALVE 
GAS GENERATOR SOLENOID VALVES 
START TANKS 


TURBINE PUMP DEVELOPMENT TESTING 
MULTIPLE RESTART 


MODEL 8247 


I EXPLORATORY TESTS 
A START TANK SYSTEM -59 RUNS- [06 STARTS-|210 SEC. 
“| START TRANSIENTS 
2. SHUTDOWN TRANSIENTS 
3, OXIDIZER CRACKING PRESSURE EFFECT 
CL PROPELLANT PRE- FLOW 
b PROPELLANT PosT FLOW 
4. START TANK BLOWDOWN AND RECHARGE 
GQ AT HIGH TEMPERATURE 
b AT LOW TEMPERATURE. 
5 RESTART AFTER VERY SHORT DURATION RUN 
Q AT AMBIENT TEMPERATURE 
b AT +10°F TEMPERATURE 


B PUMP SUCTION PRESSURE START SYSTEM 
39 RUNS - 39 STARTS - 1471 SECONDS 
|. ENVIRONMENTAL LIMITS ON START TRANSIENTS 
Q. OXIDIZER PUMP SUCTION PRESSURE 
b FUEL PUMP SUCTION PRESSURE 
C OXIDIZER PROPELLANT TEMPERATURE 
cl FUEL PROPELLANT TEMPERATURE. 
© HARDWARE TEMPERATURE 
f TURBINE STATIC FRICTIONAL TORQUE. 


C CONCLUSION 
START TANK SYSTEM MET ALL ASPECTS OF “THE. 
MULTIPLE RESTART REQUIREMENTS. 


Il DEVELOPMENTAL TESTS 
A BOILER PLATE TYPE HARDWARE, 25 RUNS- 49 STARTS- 1876 SEC. 
~ | START AND SHUTDOWN TRANSIENTS 
2. START TANK BLOWDOWN AND RECHARGE 
3 MALFUNCTION TESTS 
4. GAS ENTRAPMENT IN START TANK SYSTEM 


B PROTO TYPE HARDWARE 200RUNS 453 STARTS 15427 SEC 
| FUEL VALVE OPENING EFFECT 
2. START AND SHUTDOWN “TRANSIENTS 
Q “BIT IMPULSE.” DURATION 
b TEMPERATURE EFFECT 
F C START TANK PROPELLANT LOADING 
3 GAS GENERATOR VALVE EVALUATION 
4. MALFUNCTION TESTS 


START TANK PRESSURE ~ PSIA 


START TANK PRESSURE~PSIA 


START TANK PRESSURE TRANSIENTS 


BLOW DOWN 


RECHARGE ———_-—> 


© 24 6 8 Lo l2 14 Ile 18 20 22 
TIME ~ SECONDS 


l6 7 18 19 20 2] 22 @ 24 25 
TURBINE SPEED ~ RPM «|o~> 


—-_ MODEL &247 START TANK SIZING 

A OBJECTIVES 
| TO DETERMINE FUEL AND OXIDIZER START TANK SIZES 
2.TO ESTABLISH LOAD CONDITIONS AT GO'F TO SATISFY 

OPERATION FoR s 
Cl TEMPERATURE RANGE OF +10°F To +I40 F 
b MINIMUM ENGINE IMPULSE OF IG@000 LB-SEC 
AND STEADY STATE RUN IMPULSE. 


B VARIANCES CONSIDERED 
|. FLIGHT SPEED 


2. LOADING 
3 MAXIMUM PROPELLANT LEAKAGE 1IN? 


C OPERATING SEQUENCE 
| LOAD NOMINAL AT 60°F 

2 RUN TO STEADY STATE AT 50 F 
3. RUN To MINIMUM “BIT- IMPULSE” AT +140°F 
4. RUN TO STEADY STATE AT -I0°F MAXIMUM SPEED 
5 CONDITION SYSTEM TO +/40°F 


THRUST CHAMBER TESTING 
‘THRUST CHAMBER PFRT (8096) 
OBJECTIVES 
| DEFINE THRUST VARIATION WITH CHAMBER 
PRESSURE(£5 RATED) WITHOUT NOZZLE EXTENSION 
2. DEMONSTRATE FIRING OF NOZZLE EXTENSION IN 
ASPIRATOR DUCT AFTER TEMPERATURE. CYCLING 


TESTS CONDUCTED 
CONDITION RATED R  N2TESTS 
BASIC CHAMBER 100 2 
BASIC CHAMBER 95 2 
BASIC CHAMBER 105 2 
BASIC CHAMBER PLUS = [00 2 


NOZZLE EXTENSION 


RESULTS 
|. THRUST vs ESTABLISH = 2788*F/PS| R 
2. NO DETRIMENTAL EFFECTS OF TEMPERATURE 
CYCLING ON A NOZZLE EXTENSION TESTED 
IN AN ASPIRATOR DUCT. 


PRESSURE SWITCH REMOVAL PROGRAM 
OBJECTIVE. 
DEMONSTRATE FUEL LEAD 


ANALYSIS. 
FUEL LEAD OF .|G 10.205 SECONDS 


TEST PROGRAM 
Ne TESTS 58 
~  N2 CHAMBERS al 
DEMONSTRATED | 
FEED PRESSURE FUEL LEAD —tempeeatre -hiS7s 
[sr BURN 80-[30%RATED 04%|.0 AMB-HOF 3] 
2up BURN  RAED(400PS!I) = JO. -2°F- (50°F 14 


DEFINED ACCUMULATION EFFECTS OF FUEL LEAD 


NONE 
Fe OVER SHOOT ON START . 
RANGE °% 
OX LEAD 34 To 49 
Isr BURN FUEL © 02 To 24 
2np BURN FUEL lo To 38 
ALTITUDE TESTING 
AEDC 


MODEL 8247 START TANKS 


A - COMPONENT REVIEW 


1- THE QUALIFICATION OF THE START TANKS 
WAS PERFORMED DURING THE FLIGHT 
VERIFICATION TEST PROGRAM. 

THE FVT TESTS WERE: 
I STRUCTURAL INTEGRITY (2 SETS OF SHELLS) 
SET*1 -AFTER 30 DAY SALT WATER EXPOSURE 
AT MAXIMUM STRESS. 
SET*2-IN THE ‘AS RECEIVED” CONDITION. 


Il DESIGN OBJECTIVES & DYNAMICS (2 SETS OF ASSEMBLIES) 
SET#| A) MALFUNCTION PRESSURES 


kb) DUTY CYCLES 
C) DYNAMICS (MODEL SPEC LEVELS 
d) BELLOWS YIELD 
2) STRUCTURAL INTEGRITY 


£) METALLURGICAL EVALUATION 
SET*2Z 


ne &) SIMULATED SHIPPING PRESSURES TEST 


b) DUTY CYCLES (Jo) 

¢C) BELLOWS LIFE CYCLE 

d) STRUCTURAL INTEGRITY 

@) METALLURGICAL EVALUATION 


TL COMPATABILITY : 
a) OXIDIZER START TANK. SYSTEM IN 38 DAY 
PAD STORAGE TEST 
b) OXIDIZER BELLOWS FROM ENGINE *802 7 


TY DEVELOPMENT PROBLEMS € CORRECTIVE ACTION 
D.R- BELLOWS STICKING OR HANGING UP 
&) IMPROVED SURFACE FINISHES 
CA b) CONFIGURATION CHANGE TO FLAT HEAD 
me") CC) LUBRICATION 
CG) CLOSURE WELD FIXTURING IMPROVEMENT 
@)FILTER IN GAS PORT 
D.R- SHELL CRACKS § LEAKAGE 
CA. { A) CLOSED DIE FORGING WITH ORIENTED GRAIN 
“" \ B) TIGHTER MATERIAL CONTROL , CHEMISTRY 
€ HEAT TREATMENT 
DP. - LEAKAGE IN FUEL BELLOWS € END MEMBERS 
AYCLOSED DIE FORGING WITH ORIENTED GRAIN 
bP) TIGHTER MATERIAL CONTROL , CHEMISTRY 
§ HEAT TREATMENT. 
C) INCREASED THE LEAKAGE PATH WITH 
THICKER BELLOWS ATTACHMENT AREAS. 
Z -THE FOLLOWING CHANGES HAVE BEEN MADE SINCE QUALIF. 
"SOME RELAXATION OF METALLURGICAL REQUIREMENTS, 
1.@.,2 4% TO 3% DELTA FERRITE § 4 TOS GRAIN SIZE. 
3-THE FOLLOWING CONFIGURATIONS ARE BEING DELIVERED To LMSC. 
8247-4712Z0l\-1 OXDR TANK § 8247-471202-1 FUEL TANK, 
4-NOT APPLICABLE (SYSTEMS GROUP) 
5-PROBLEM AREAS , PAST AND PRESENT 
A) SCRATCHES § CONTAMINANTS CAUSING BELLOWS STICKING 
b) STRESS CORROSION € INTERGRANULAR CORROSION CRACKING 
C) DISTORTION § MISALIGNMENT OF SHELLS AT CLOSURE WELDING 


{2 


MODEL 8247 START TANKS 


FABRICATION CONTROL & AM 355 


a3 PARENT BILLET. 
A. BILLET STOCK 1S PRODUCED BY THE COMSUMABLE 


B. 


Cc. 


ELECTRODE REMELT TECHNIQUE UNDER INERT 
GAS OR VACUUM. 

METALLOGRAPHIC SAMPLES ARE CUT FROM 
EQOGE AND CENTER, AND THE MICROSTRUCTURE 
CHECKED TO ASSURE THAT ITIS FREE OF 
MASSIVE CARBIDES WHICH WILL NOT GO INTO 
SOLUTION WITH HEAT TREATMENT. 

A ONE INCH THICK BLANK IS HEAT TREATED 
AS IN ITEM ID, PRIOR TO FORGING, AND 
CHECKED FOR CONFORMANCE TO THE 
MECHANICAL PROPERTIES REQUIRED. 
HEAT TREAT TO 1900°F FOR 3T0 3/z HOURS. 
RAPID QUENCH? SUB ZERO COOL AT -—100°F 
FOR 3 HOURS. HEATING TO 1T50°F FOR ONE 
HOUR. RAPID QUENCH ¢ SUB ZERO COOL TO 


-(00°F FOR 3 HOURS. HEATING TO 1025°F 


FOR 3 TO 4 HOURS AND COOLING TO ROOM 
TEMPERATURE. 


IT CLOSED DIE FORGING 


8247-AT(222-1F  8247-471225-1 8247-471205-1F 8247-411200-1F 


a (| Bs 


A. THE AM 2355 PARTS ARE CLOSED DIE FORGING 


WITH CONTROLLED GRAIN FLOW, WITH THE 
EXCEPTION OF THE 8247-471225-I STATIONARY 
WEAD, FUEL TANK. THESE ARE SUPPLIED IN 
THE EQUALIZED, OVER TEMPERED, AND 
DESCALED CONDITION (1425°F, 2 T04 HouURS 
COOL, 1(O7TS°F 2T04 HOURS AND COOL). 


. PRIOR TO ACCEPTANCE, A METALLO GRAPHIC 


SAMPLE IS CUT FROM EACH FORGING IN THE AS 
SUPPLIED CONDITION AND HEAT TREATED ASIN 
ITEM LD. THE SAMPLES THEN ARE EXAMINED To 
DETERMINE THAT THE STRUCTURE 1S FREE OFA 


GRAIN BOUNDARY CARBIDE NETWORK, FREE OF 


RETAINED AUSTENITE, FREE OF UNTEMPERED 
MARTENSITE AND THAT THE STRUCTURE DOES NOT 
CONTAINS MORE THAN 3% DELTA FERRITE AND. 
THAT THE GRAIN SIZE IS AN ASTM 3 OR FINER. 


- TAREE HEAT TREATMENT TEST BARS ARE 


PROVIDED WITH EACH FORGING. 


TI MACHINED PARTS 


A.ROUGH MACHINED PARTS: 
THE PARTS ARE ROUGH MACHINED PRIOR TO TLE 
HEAT TREATMENT IN ITEM ID. TUREE TEST BARS 
ACCOMPANY ESCH HEAT TREAT LOAD. AFTER 
HEAT TREATMENT A SAMPLE 18S CUT FROM THE 
ROUGH MACHINED PART AND EXAMINED 
METALLURGICALLY AS IN ITEM 2B. THE TEST 
BARS ARE TESTED FOR CONFORMANCE TO THE 
MECHANICAL PROPERTIES REQUIRED. 


B. FINISH MACHINED PARTS: 


FINISHED MACHINED PARTS ARE CLEANED 
WITH SOLUTIONS THAT ARE CHLORIDE 
AND FLOURIDE FREE. A PASSIVATING 
SOLUTION OF INHIBITED NITRIC ACID 18 
USED FOR THE CHEMICAL CLEANING. 
THE PARTS ARE TESTED ON THE MASS 
SPECTROMETER TOALESS THAN | x 107? 
STANDARD CC/SEC OF HELIUM. 


MODEL 8247 ACCEPTANCE 
TEST PROCEDURE 


IT. VISUAL INSPECTION PERFORMED. 
T. WEIGHT TEST. 
It. PROOF TEST. 


A. GAS SIDE FILL AND VOLUME CALIBRATION 
NO BELLOWS CYCLING. BELLOWS ARE 
THEN ALLOWED TO GO TO FREE LENGTH 
ANO THE LIQUID SIDE IS FILLED. 

B THE TANK 1S PROOF TESTED TO 2550 PSIG. 


TW THE TANK (S DRAINED WITHOUT CYCLING 
THE BELLOWS ANO THEN THE SHELL (5S 
GAS TESTED TO ITO00O PSIG. 


YW FLUSHING ANO ORYING. | 
THE TANK IS FLUSHEO INTERNALLY WITH 
DISTILLED WATER AND ORAINED. THE TANK 
(1S THEN DRIED TO AMBIENT DEW POINT. 
WI BELLOWS INTEGRITY. 
THE BELLOowsS 1S LEAK TESTED AT ISPSI 
AP EXTENDED. THE BELLOW /1S THEN 


NESTED AND LEAK TESTED AT isPsi AP 
AND 150 esi AP. 


MT. LUBRICATION APPLICATION. 
THE BELLOWS IS RETAINED IN A NESTED 
POSITION WITH VACUUM AND THE TANK 
IS LUBRICATED. THE LUBRICANT DIS- 
TRIBUTION 18 THEN PERFORMED BY 
CYCLING THE BELLOWS 22 TIMES IN 
VARIOUS POSITIONS. 


MIT VOLUME CALIBRATION (LIQUID SIDE). 
THE LIQUID SIDE OF THE TANK (S CALIBRATED 
BY CYCLING IS TIMES, TO DISPLACE THE AIR 
IN THE TANK, WITH DISTILLED WATER 


TS FLUSHING AND DRVING. 
THE TANK 1S FLUSHED ON THE LIQUID SIDE 
ONLY, WITH FILTERED DISTILLEO WATER, 
THEN ORIED To A DEW POINT OF —-20°F. 


xX. HANOLING AFTER ACCEPTANCE. 
THE AIR VALVES AND PLUGS ARE INSTALLED 
ANO THE GAS SIDE OF THE TANK PRESSURIZED 
TO SS PSIG TO RETAIN THE BELLOWS INA 
NESTED POSITION. 
THE TANK IS CHECKED WITH THE DYE 
PENETRANT METHOD. 

THE TANK 1S COATED WITH SPRAY LAT 
FOR HANDLING PROTECTION DURING 
SUBSEQUENT TESTING. 


MODEL 8247 BELLOWS CORE 


MATERIAL. 
THE MATERIAL USED IN THE CORE IS AM 350. 
THE THICKNESSES USED ARE 0.00T" AND 0.014” 


MELTING PRACTICE. 

CONSUMABLE ELECTRODE REMELT TEcUNIQUE 
IS PREFERRED, HOWEVER AIRMELTED 
MATERIAL HAS BEEN ALLOWED THAT COMPLIES 
WITH ALL THE REQUIREMENTS. (CHEMISTRY, 
INCLUSIONS, MECHANICAL PROPERTIES). 


HEAT TREATMENT. 
THE MATERIAL 1S ANNEALLED BY THE REROLLER 
PRIOR TO FINAL SIZING, BY HEATIN G To 1900°F 
TO 1975°F FOR 15 MINUTES AND THEN QUENCHING. 


HARDNESS ROCKWELL "C25" OR LOWER. 
THE FORMING, PUNCHING AND WELDING ARE 
DONE IN THIS CONDITION. 


END DIAPRAGMS. 

THE HEAVIER 0.014" ENO DIAPHRAGMS ARE 
BLANKED, FORMED, HEAT TREATED AND THEN 
THE 1.0. ANDO O.D. ARE SIZED. 


WELDING, 
THE CORE IS THEN WELDED COMPLETE WITH 
HEAVIER ENO DIAPHRAGMS. 


THE CORE 1S THEN HEAT TREATED INA RETORT 
UNOER INERT GAS To THE SCT &8SO CONDITION. 
HEAT TO IT1IO°F FOR ISMINUTES, RAPID 
QUENCH TO ROOM F°. 

COOL TO- 100 °F FOR 3 HOURS 

WARM TO ROOM °F 

HEAT TO &SO°F FOR 3 HOURS 


COOL, TO ROOM PF. 


Vr 


PROBLEMS: 
AHIGH REJECTION RATE 1S ENCOUNTERED BY 
THE VENDOR BECAUSE OF WARPING OF THE CORE 

OURING HEAT TREAT. 
A PARALLEL DEVELOPMENT EFFORT BY THE 


—VENQOR.WITH BELL ASSISTANCE, 1S HOPED To 


REOUCE THIS REJECTION RATE. 

BAC RECOMMENDS HEAT TREATMENT OF BLANKS 
TO SCT 1025 CONDITION WHICH WILL RESULT IN A 
ROCKWELL C 35-38.THE FORMING,SIZING ¢ WELDING 
WILL BE DONE INTHIS CONDITION. THE CORE WILL THEN 
BE HEAT TREATED TO AN SCT 850 CONDITION AS 
REQUIRED IN THE BOOK FORM DRAWING. 
REJECTIONS: 


_ EXcEssive 


2 ELLIPSE CANT of LEAN 


FAILURE TO PASS 


PLUG GAUGE FAILURE TO PASS 


RING GAUGE )4 


MODEL 8247 START TANKS 
DESIGN IMPROVEMENT 
| 001 -002 201-202 
HEAT TREATMENT SCT 850 (AM355) | SCT1O00 (AM355) 
GAS FILTER YES 
INSIDE METAL FINISH RMS 16 


MOVEABLE HEAD - 


- FORGING FORGED BISCUIT | CLOSED DIE FORG, 
-CONTOUR INSIDE CURVE | INSIDE FLAT 

- FINISH RMS 32 RMS 8 

~ MACHINING NO GROOVES | VAC. BREAK IN €0UT 


BELLOWS ASSY — 


- CONCENTRICITY O20 O18 
- OVALITY CHECK NO YES 
-~ PLUG GAUGING NO YES 


- SHIPPED MECHANICALNEST] VACUUM NEST 

- = END PLATES .005 TK (Ox) .009 TK (Ox) 

| OOTTK (FUEL) | .O14 TK (FUEL) 
STATIONARY HEAD SAME AS MOVEABLE HEAD 


ZO 


_L DESCRIPTION OF COMP.TESTS 
IL SHOCK 


THEEE SHOCES [pf EACH DIRECTION P9LONG 
EACH OF THEE JYUTUALLY PERPENDICULAR 
PIXES. EACH SHOCK A PVING THE FOLLOWING 
CHARACTERISTICS. FOG ri PEALE /FCCEC ., 
7 @ MILLISECONOS DULAIION ANO HAPBVING AN 
PYPIELOX/ MIE JISLF/- SINE WAU/E A OCS. 


2 WEBL977ION 


FEMINUTES BLONG EACH OF THREE MUTUALLY 
FCFELENO/COLANC IX EE 7 99 CONSIPNT 
| OCTAVE FREQVENCY SWEEP LS7E FIOM FAHE 
LOWER FO IHE AUGHEE FKIRCEQOUENCY AT THE 
FOLLOWING LEVECS: 

45'-—- FO CPS 47 FOG 

40- $OCCE AF ISG 

$06-2000 CFS AF 20G 


3 QBCCELERATIVOV/ 


PICCECERATE FER JONWNUTES pi EBC? 
LYEECTION PLONG EPCA CF TWEE NIUTUALLY 
PERPENO(EVCM2 AXES 47 A MiNi. OF /2G5 


od | 


4A W*TEMPELATULE 


SO0BK FOC Z4tHES. AT AF/SOOE. LEDICE 
FEM PERT VRE TO FIRE WIT SROPELLPNTS 
OT r/409E- CONDVET SOCICLES 


Ce £0: TEMPECATUCE 


SOAK FKUC 2¢ Mes. a7 -38 ©. Cas 
TEMPERATURE 704106: WIA PROPELLANTS 
PT HFIOVE CONDVET SO CICLES. 


6. FLWO RESISTANCE 


COMMLETELY Fitk FEST UNIT WIN ACTUAL 
FROPELLANT AND APPLY OPERATING PRESSURE. 
PHOLO 1M FH13 CONOITION PINO MOM TOLE FOE 
30/38 LAYS. BEAIN OFF PRCPELLENT NO 

DEI BRATIE WIA TEST PROPELLANT. 


7 LWMOLTY 


SOAK FOC 860 MES. BF WET EF DCY BUBB FENMP 
OP 4/207 WTA / HR. PETER REMOVING UT 
FRU CHANABEER CONOVET 

|. INSULPETIION 2EE/ STANCE 

2. DIELECTRIC STRENGI7-4 

3. CO/L REB/STAONC E | 

4. Geclielaere | 4” 


7. 


G2¢7-$72-O/O FUEL VELYE 


4 SHOCK 

Co VECEIION 

3 AM FOEMPECA TURE 

4 ENOVEANEE (S00 CveLtEs) 


S2¢ )-¢72@°-050 Ox/b/26e VBLVE 


1 SWOGK 

0 VIBRBTIVON 

3. Ae TEMPERATURE 

4 ENDURANCE (S00 cvetes) 


S2¢7- 272-020 VEL GG. SOLENO/(O VALVE 


A SWOCW 

0. VWIGRIIION 

3. ACCELERAOT/IONN 

4. fi LO FEMOEERASITUCE 

S S20 LEBS/ISTONCE 

6. ENQVeBNCE (2000 CYELES) 
). HUM OTY 


A3 


4 G2847-472-026 Ox/o. GO. SHENO/O VALVE 


). SHOCK 

2. VABR/I7/ON 

3 ACECLSIION 

Y Mele TEMPECATULE 

$. FLUO REWSTANCE 

6 EVQVEANEE (2000 CYCLES) 
|. MUMIOlIT¥ 


S$. 824¢7-472°-O03S OX. DUbt CK VOLVE 


1. SHOCK 

2 VIBCETION 

3. BDOCECERAIVON 

¢ f-20 TEMPERATURE 

S ENOveANEE (2000 CYeLes) 
6. FLUD RES/STANEE 


©. 8247-¢72-060 FUEL DUAL Ce. VALVE 


4. SNOLLE 

2. VARATION 

3 BOCELEL ATION 

$¢ H-L0 TEMPERATULE 
S. ENDURANCE (2000 CYeLtes) 
6. FLUID RES/ISTBNECE 


 8247-472-OC£5 OD VENTUE/ PESEN 


4 SHOCK 

2 VECATIEN 

3 KCECELSIVON 
PM L0 TEMOEROTUCE 


| 5. FLUO REE/STIANEE 
E& §247-472-060 FVEL Ven Ue/ ASSEM 
| SHOCK 
2. VIBLCATION 


3. BOCELOTES TION 
4. Hh lO TEMPERATURE 
S$. FLWO REDSTAWNCE 


9 G8297-472-065 O10. Fill VALVE 


J, SHOGE 
2. VIBRATION 
3 RLCELELBTION 
Y Ml- LO TEMES TUCE 
3. ENOVeBICE (1000 CYCLES) 
6. FtVio RE SISTONCE 


70. 


1. 


738. 


Ud 


82¢7-$72-070 FUbE FUL VALVE 
|, SHOECE 
2. VBESZTIEA/ 
3, MOCELERTIOA/ 
4 hl-LO TEMPEST ULE 


S. EN AYCE ((0€E CYEtES 
6.FLWO RESISTONCE 


247-472-075 Qld. A&WALBCEEOVHAVE 


1 DEVELOPEO ON MODEL GO/ F LOSCAL 
G297-972-080 FvtL Maine BEEO VALVE 


| DEVELOPEO OS MO00CEL EVO! ERAECAL 


&24¢7-472-GYE (UCT CRERSTEO SOLENOID VELVE 


1 DEVELOPED OW K100€¢S GO8/ F 8096 
8247-972-04$ §VELE OM, LUCTL 


4 JTESTEO WIA FUEL EF OKO VENTI/S 


ZL 


/ 


os 


DEV TEST PROBLEMS. 


82¢7.272-020-/ SUECGG SAN VALVE 


FOMLEE: CEAKAGE P9987 POPRET UNOER 
STATIC PRESEULE AFF 200/14 TEMP 


LEMALES : TEFLON SEAT OF / PIECE CONFIGUEPITION. 
ECMPECTIVE GEER CHGD UNDE STATIC PRESS VEE. 
SCEP-LAOCEO TEFLON W0 IA REC. LEAKAGE 
€x* PERIENCEO 97 fl -TEVAPERATURE, CEOEEIGNEO 
SEAT 702 COMLINEO CENEIGVRATION UEING TEFLON 
FTW13 CHG. CREBIEDO THE &247-¢72 -O26-3 VgevE 


2 G247-272-220-3 FVELGG. SOCENOID VALVE 


3 


LORE: CEBKOGE L957 POPPET OUEING VIBRATION 


FEMBRKS: POOCED PROS TE MOUNTING LUGS 7O 


DOMPEDM (1G 1 FREQUENCIES. THIS CHG. CREATED 
THE 8247-¢72-920-S 


O2¢7-472-C20-F FUvELGG SOCCWOlD VOOLVe 


LAKULE : BLAZE FA/LED ON MOUNTING LUG 


LEMBEKES* PEOUCEO VIBRATION REEUIREMENTS 
70 THE FOLLOWING 


27 


25-40 C5 7 SG 
$0-F00 CPS 7 75G 
¥00-2000 CPS AI /EG 
T13 CHG. CREATED THE G2¢7-972-020-7 VALVE. 


Pel G2¢7-8$72-020-7 YPtvls BRE VBLAITEO AT 
THIS LEVEL NOW. 


4 8247-#72-025-/ OK/O.G.G. SHLENDO VALVE 


SPLLVEE! LEAKAGE PAST STATIC SEAL 
DURING LO-TEMPERATURE SORK. 


REMARKS STAVIC SEAL Was "K(SEAL AND 
TEFLON COATED. TEFLON COATING FOUND PEELING | 
PITEMPTED USING "OMNI "F RACE’ SEBLS W/TH 
NM SVECESS. POBLE/A WS SOLVED Wr 


OMEGA SERL. Tillis CHG. H2ERTED THE 
S247 €£72-025-3 yatve. 


S. SZG7AH72-025-3 _0X/0.6.6. SOLNO/P Ytle 
1) ae DURING C9L18. 95 1) FER/PERAIT URE, 


LEM BLES: SY OI OF PUPPET EX7%EVDEO LNIO OWLET 
PTHING. REQES/GNEO POFPET BY WCLEASING SWANK 
DOAVMIETER BQN 0 CHPNGING POINT CONTACT 70 CHOLMFER 
CONTACT. THIS CHG. CREBIEO FE 8247-97 2-I25-S VALVE 


CHG. (9L50 (CLUDED BOD/TION GO PADS ON MOUNTING 
LUGS. 2% 


TV POF] EN IME (VOCFRLEMS 
l 82¢7-$72-G/0-3 LYELL VALVE 


LLILVLE, EXCESSNWE LEQGKAIGE PO S7 
SLIPPER SEALS. 


LEMBRIS: VALVE WAS CAL/BRATEO FETE ENGINE 
TEDS. OBF8 WIN SPECIFICATION. FRI LEO FINAL 
LERKAGE TESTS. "O'INGS HAD TRKEN 72 SET WD 
LOST FWETR2 OURIMEF EH. SVM LAR VALVE OW JHE 
KOO 3 ENGINE OE/MINSIABTIED GE svVECESSEVC 
FURINGS W174 MO PROBLEMS. INVESTING BTING NEW 
'O"RING MATERIAL ON 008% 8096. 


2 S2b7-F72-O25-3 OD. GG. SOLEWO/D VoLvE 
LBL MEE ; VALVE LEMOVEO FIO ENGINE 70 135 
EE WORKEO (NIO 9-5 CONF? GVEPTION. COECOS/ONW 
| FOUND INSIDE OF UVILVE. 


LELMAEES : ENCBPSULBIVON COPPES BLAZED. 
MOACHINING OF ENCAPSULATION NOT CLOstéLY COVIRROLLED. 
RESULT COPPER PENEFAIION P/N HOLES (NV 
ENGAPSULAIVON BVTACKEO (8% BCIO. CHVGEO COPPER 
Bee2e7€ FO GOL OWICKEL BRACE (LESS PENETRATION). 
S7A/ALOAEO FIGHTER CONTROL OV ENCOPSULOI7FON 
MACHINING. TH1S CG. CRETE O THE S29]7-47 2-925 -7 
VALVE £00 FLIGHT VERIFICATION TESTS. 2a 


3 S3297-472-O40-( £VEt Oupe Ch V@LVE 
FOACEURE: CERKAGE ST INCET POPPEF 


EMRE VOLVE LEBKEO BEIPL UM IDOITV TEST. SET 
ON INET POPPE FT FOUND OUT OF ITS GROOVE. CAUSE - 
4 VELOCITY SOURCE UNMNOWAN. CPECESIGNEO SET 
70 (7? OOVETAIL COVEIGUCBIION. THIS CHANGE 
CLEAIED IAE GUI7-9$72-9F0-3 VBLIE VO THE 
8247-472-035-3 y94VE £00 £L/GNT VEIR/EICITI ON 
FESIS. LM /9CCEPFTANKEE JESTS OF JHE G2E7972-00-3 
VBLVE THF AP W088 OUT OF SPECIEICOTION. IN THE 
E@OESIGAN THE POPPET HAO BEEN 990F LONGER. 

THE POPPET WARE SAIACTENVIEO PANO IWE OUTLET POPPET 

VRING RETRINGE WAS REOESIGNED JO LCEVENT 
COLKING . Tal/S CHANGE NOW CREAIEO FAEF 
G2¢7-$72-O#O-S ae Lt1§ HF VERLEVCPTION TESTS. 
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V0 LLIGHET VGRECPAIIOA! TESTS, 


J. §2¢7-¢72-035-3. O10. OVAL CK VBLVE 


Lo SWOCKE 

2. V/BEBI/SON 

3.MA-L0 SOAP ERCOIVCE 

4%. ENovVegNCE (Goede C1CtCES) 


2. 247-972-9035 -3 OX/O.DIVOL CK. VALVE 


|) SYOLK 

2. VBCST/ION 

3. LO TEMPERATURE 

Y. SI DV STOCBGE JEST ON STOQNCT FIV SYSTEP1 


3B §297-972-000-5 -VEt Qube CK WRVE 


|. Al~LO FTEVRPLEBIVECE 

2. SHOCK 

3 VWGEIIVON 

$ EN 00ENEE (2000 CrtceS 


4 §297-222-040-S5 SUVEL Ole Se VOLVE 


|. f-L0 FEM POROTURE 

2 DWOCH 

3S V/SGLEBIVON 

9 3308) SI0LKGE FEST O/ STRET TAK SYSTE?. 3 


SS 82¢7-¢72-025-7 OXIO.GG. SOLENO/0 Valve 


4 SHOCK 
2 VBRATION 
83. M+ £0 JEM PCROTOCE 


4. 39 09) S70006€ TEST ON START TBNE SYSTEM. 


6. B247-872-025-7 _QY0.GG. SOLENOID VOLIE 
|. BAP L0 FEM OE TIVEE 

Z BOOLKE 

3. V/BLA7IION 

4. NoVeEnc€ (2000 cveces) 


7. G2b7-¢72-020-7. Ev€e Ga, socevolb Velvet 


|) EXPLONON PCOF 
4A. S09 LtVét- Soccer Gocvetes) 
&. OT pa0cekrT (0 CYCLES) 

2. LIM VOE FEST 


8. F0,000-/OG O00 ET. 47.2 P3189 Oa 700 cyet€Ss) 
8 S2¢7-972-02S-7. Oke. 6.G SOLENCID VALVE 


1h ELOSION PROOF 
2. S80 LEVEL -S000 £7 (70 Cyeces) 
8. gr c00L7. (70 cyec Fs) 
2. M47/TVDE VEsT | 
B. 9t,000-/0QQ0OFT. PT .2Ps19 (JOOEIAES) 
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Wo LLIGH VEC TEST POORBEMS, 


/ 8247-¢72-O28-7 OX/D. GG. SOCEWOD VALVE 


FHLUVEE: Af) AP OUEING CCIE 7 H/-7EPTP 
FOLLOWING QYNOMIE TESTS. 


LEMBRIES: SHOUL0E OW POPPET FOUND 
DEFORMED. POPPEF £1F7 INECREPSEO FROM .OOC/ O08 
70.018. SV@ESS LEVEL W SHWOUDER PIEG IN AL - 
SWOUL0ER WAS NOT INCREASED, WHEN SWiK WHS 
/NCEREASEO OVRING OEVELOP MENT TESTS, 7O 
MOUNTIN SAME STILESS LEVEL. REOESNGNEO 
POPPRET TO INCREASE SHOVLOER BEARING ALE. 
TIW13 CHONGE CLEATED G247-FJ2-925-9 VOEVE 
FOR LE-RUN OF FLIGHT VORIEIERIION TESTS. 
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